The peripheral nervous system has the considerable ability to regenerate axons after nerve injury. A prerequisite for successful repair is the degradation and clearance of axonal and myelin fragments in areas distal to the injury site, a process known as Wallerian degeneration ([@bib13]; [@bib4]; [@bib11]). In nerves undergoing Wallerian degeneration, myelin breaks down and fragments into small ovoid-like structures at the Schmidt-Lanterman clefts (funnel-shaped incisures in the myelin). These fragmented pieces of damaged myelin were thought to be cleared away by phagocytosis both by Schwann cells and by invading macrophages.

However, in this issue, Gomez-Sanchez et al. now show that macroautophagy is essential for myelin breakdown and clearance in Schwann cells after nerve injury. Macroautophagy (hereafter autophagy) is a bulk degradation pathway that delivers cytoplasmic substrates to lysosomes for degradation ([@bib3]; [@bib5]). During this process, cytoplasm and superfluous or dysfunctional organelles are sequestered by the phagophore, a double membrane that expands and matures into an autophagosome. Autophagosomes subsequently fuse with lysosomes, which trigger degradation of the autophagic cargo by hydrolases.

Autophagy was initially described as a nonselective process that occurs in response to starvation or during cell differentiation, but it is now clear that there are tightly regulated and highly selective subtypes that require cargo recognition by the autophagy machinery. Several cargo-specific autophagic subtypes have been described: for example, the removal of aggregated proteins (aggrephagy), damaged mitochondria (mitophagy), peroxisomes (pexophagy), ribosomes (ribophagy), endoplasmic reticulum (reticulophagy), lipid droplets (lipophagy), and pathogens (xenophagy; [@bib10]). Now, [@bib6] show that in response to nerve injury, autophagy is responsible for clearing away damaged myelin within Schwann cells, a process that they term "myelinophagy." These findings are particular remarkable, as myelinophagy, in contrast to other cargo-selective variants of macroautophagy that degrade damaged intracellular components, describes a process of how a plasma membrane is degraded.

To solve this topological conundrum, a closer look at myelin architecture is necessary. Myelin is formed when the "inner tongue," the leading edge of the myelinating cells, starts to move multiple times around the axon until a multilayered compacted membrane is generated ([@bib2]; [@bib12]). When the process is completed, the Schwann cell engulfs the myelin sheath with its outermost, cytoplasmic-rich myelin layer ([Fig. 1 A](#fig1){ref-type="fig"}). Even if myelin is localized within the interior of the Schwann cell, it is continuous with the plasma membrane and therefore not an intracellular structure. However, in nerves undergoing Wallerian degeneration ([Fig. 1 B](#fig1){ref-type="fig"}), myelin starts to fragment into ovoid-like structures in an active process that requires actin polymerization at the Schmidt-Lanterman incisures ([@bib8]). During this process, myelin loses its connection with the cell surface ([Fig. 1 C](#fig1){ref-type="fig"}). If, now, the outermost layer of the myelin membrane fuses with the plasma membrane---like the closure of a phagocytic cup---fragmented myelin would be internalized into the Schwann cell cytoplasm without using endocytic pathways. Here, the myelin fragments could be selectively recognized by so-far unknown autophagic receptor molecules for the recruitment to the phagophore ([Fig. 1 D](#fig1){ref-type="fig"}). Why do Schwann cells use autophagy and not endocytosis for recycling parts of its plasma membrane? One reason could be that fragmented myelin sheaths are too tightly clumped and too bulky for Schwann cells that are not specialized in phagocytosis.

![**Myelinophagy.** (A) Graphical illustration of a healthy myelinating Schwann cell. (B) When Wallerian degeneration is initiated, the axon starts to break down into fragments. (C) The Schwann cell then internalizes myelin fragments, possibly by the fusion of the outer "lips" of the Schwann cell plasma membrane. (D) Next, the resulting myelin fragments are taken up into phagophores. Not shown is the following: the sealing of phagophores to form autophagosomes and their fusion with lysosomes, which finally leads to degradation of the myelin fragments.](JCB_201506039_Fig1){#fig1}

Based on the presented model of myelinophagy, a block of autophagy should result in the accumulation of fragmented myelin within the Schwann cell cytoplasm. Surprisingly, this is not what [@bib6] observe; instead, they find intact myelin sheaths after blocking autophagy genetically or pharmacologically. Thus, autophagy must somehow participate in myelin fragmentation. One possibility is that autophagy activates or provides energy for pathways involved in myelin fragmentation. Alternatively, autophagy is required for triggering an intrinsic genetic program in Schwann cells during nerve injury.

Regardless of the mechanisms of myelin fragmentation and internalization, [@bib6] describe an important pathway of myelin breakdown in nerve injury. While this pathway is shown in the context of Wallerian degeneration, it is possible that myelinophagy is also activated in hereditary Charcot-Marie-Tooth or inflammatory neuropathies. One important question there is how axonal injury induces myelinophagy. It is known that Schwann cells are able to sense axon damage and respond by activating multiple signaling pathways, including ERK/MAPK, JNK/c-Jun, Notch, and JAK-STAT ([@bib7]; [@bib1]; [@bib9]). These signals not only induce cell activation, but also trigger myelin fragmentation. Myelinophagy is positively regulated by the JNK/c-Jun pathway, the central regulator of Schwann cell reprogramming during injury ([@bib1]). Thus, it appears that myelinophagy is part of a genetically controlled response that is triggered upon nerve dissection and coordinates the mutual breakdown of the connected axon--glia unit.

What is the advantage of myelinophagy in Schwann cells as compared with myelin phagocytosis by invading macrophages? If Schwann cells are able to take care of a large part of myelin degradation with only a little help from macrophages, tissue inflammation could be kept to a minimum. In summary, myelinophagy represents a mechanism of how Schwann cells digest their own cell surface upon receiving signals from the associated and degenerating axon. This response must now be considered as an essential pathway of nerve injury in peripheral nerves. If myelinophagy is selective, identification of the cargo receptor will be an important step toward therapeutically modulating myelin turnover.
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